have an important role in tumorigenesis. is up-regulated in many malignant tumors, including breast cancer. Its association with clinicopathologic features and expression of PTEN (phosphatase and tensin homolog deleted on chromosome 10), one of its target genes, in breast cancer has not been reported systematically. To further determine the potential involvement of miR-21 in breast cancer, we have evaluated the expression level of miR-21 by stem-loop real-time RT-PCR based on SYBR-Green I in human invasive ductal carcinoma of the breast, and we have correlated the results with clinicopathologic features and PTEN protein expression. Matched non-tumor and tumor tissues of 40 human invasive ductal carcinoma of the breast were analyzed for miR-21 expression by stem-loop realtime RT-PCR based on SYBR-Green I. Immunohistochemistry (IHC) was used to estimate PTEN expression in tumor tissue. The expression levels of miR-21 were correlated with PTEN and commonly used clinicopathologic features of breast cancer. The stem-loop real-time RT-PCR based on SYBR-Green I was sensitive and specific enough to detect miR-21. Expression levels of miR-21 were significantly higher in tumor tissues than the levels in matched nontumor tissues (P=0.000). Expression of miR-21 was negatively correlated with expression of PTEN (P=0.013). Up-regulated miR-21 expression was associated with lymph node positivity (P=0.01), higher proliferation index (Ki67>10%) (P=0.03) and advanced breast cancer TNM clinical stage (P=0.021). These findings suggest that PTEN is possibly one of the targets of miR-21 in breast cancer and high expression of miR-21 indicates a more aggressive phenotype.
Introduction
The initiation, progression and metastasis of a malignant tumor are usually caused by multiple genetic alterations. In the past few decades, researchers' attention has focused largely on the protein-coding genes that were classified into two groups: oncogenes and tumor suppressor genes. Recently miRNAs, which are endogenous, small, non-protein-coding RNAs that regulate gene expression post-transcriptionally by targeting mRNA transcripts for cleavage or translational repression (1) , have provided new insights in cancer research. It is known that miRNAs can act as oncogenes by posttranscriptionally repressing the expression of target tumor suppressor genes, or as tumor suppressors by repressing the expression of target oncogenes. Bioinformatic data indicate that a single miRNA can control up to hundreds of target genes (2) . miR-21 is up-regulated in many solid tumors, including lung, breast, prostate, and stomach carcinoma, pancreatic endocrine tumor, hepatocellular cancer (HCC) and glioblastoma (3) (4) (5) . The fact that miR-21 is overexpressed in so many malignant tumors suggested that miR-21 functions as oncogene and its target genes should be tumor suppressors. It has been verified that PTEN, one of the most commonly affected tumor suppressor genes, like p53, was one of the target genes of miR-21 in HCC cell lines in vitro (5) . PTEN expression is reduced in many solid tumors, including breast cancer. There are many reports that PTEN has an important role in tumorigenesis of breast cancer (6) (7) (8) (9) . It has been shown that reduced PTEN expression is associated with lymph node metastasis, estrogen receptor status, tumor grade, tumor-nodemetastasis (TNM) stage, and microvessel density (MVD), and it may be a valuable prognostic marker in breast cancer (10, 11) . So, it is reasonable to propose that miR-21 regulating PTEN expression is a ubiquitous mechanism in solid tumors, including breast cancer.
Growing evidence shows that miR-21 is involved in antiapoptosis, tumor growth and chemosensitivity of tumor cells (4, (12) (13) (14) . However, these pieces of evidence were mainly from experiments on cell lines in vitro or xenograft animal models. Therefore, the clinical significance of miR-21 in breast cancer was poorly understood. The correlation of miR-21 expression and PTEN or clinicopathologic features in human breast cancer has not been reported systematically. This correlation may help us to understand the function of miR-21 in breast cancer in vivo and its clinical significance. So, in the present study, we developed a novel highly sensitive and specific stem-loop real-time RT-PCR method based on SYBR-Green I to detect the expression of miR-21, which we correlated with PTEN and clinicopathologic features in human invasive ductal carcinoma of the breast. The use of similar method was reported only very recently for the detection of miRNA in plants (15) . This method is far less costly than the method based on the TaqMan probe assay, and it can be used in the analysis of large numbers of samples in conventional laboratories.
Materials and methods
Tissue specimens and preparation of total RNA. Pairs of human primary invasive ductal carcinoma of breast cancer and adjacent non-tumorous tissues were obtained from 40 patients recruited from the Department of Oncology, The First Affiliated Hospital of Wenzhou Medical College in China between May 2007 and December 2007. Patients who had received neoadjuvant chemotherapy or radiation therapy before surgery were excluded from this study. All patients were treated by modified radical mastectomy. The resected tissues were divided into two parts, one part was stored in liquid nitrogen immediately after surgery, and the other was fixed in 10% buffered formaldehyde for pathologic diagnosis and immunohistochemical staining. Histopathologic diagnosis of invasive ductal carcinoma was carried out by the Department of Pathology, The First Affiliated Hospital of Wenzhou Medical College according to the criteria of the World Health Organization. The TNM classification was in accordance with the American Joint Committee on Cancer (AJCC) TNM Staging. The commonly used clinicopathologic features of breast cancer are given in Table I . Total RNA was isolated from the tissues using TRIzol reagent (Invitrogen Life Technologies) according to the manufacturer's instructions. RNA purity and concentration were controlled by UV spectrophotometry (A260:A280>1.8), RNA integrity was checked by denaturing agarose gel electrophoresis stained with ethidium bromide (EtBr).
Stem-loop real-time RT-PCR using SYBR-Green I. Stem-loop real-time RT-PCR was used in the analysis of miRNA expression. The primers for the analysis of miR-21 expression were designed according to Tang et al (16) . The stem-loop RT primer was 5'-CTCAACTGGTGTCGTGGAGTCGG CAATTCAGTTGAGTCAACATC-3'. The forward primer was 5'-ACACTCCAGCTGGGTAGCTTATCAGACTGA-3'. The reverse primer was 5'-GTGTCGTGGAGTCGGCAA TTC-3'. Mixtures of 1 μg of total RNAs together with 50 nM reverse primer, 2 U of RNAase inhibitor (Takara Bio), 5 U of M-MLV reverse transcriptase (Takara Bio) and 0.5 μM dNTP were used for each RT reaction. The reaction parameters were incubation at 16˚C for 30 min, 42˚C for 30 min, 70˚C for Table I . Correlation of the expression of miR-21 with clinicopathologic features and PTEN expression. 
Median of relative expression, with 25th-75th percentile in parentheses. b P<0.05 was considered significant (Mann-Whitney U test between 2 groups and Kruskall-Wallis test for 3 groups).
c Maximal tumor diameter.
Real-time PCR was done with an Applied Biosystems 7500 detection system in a 15 μl reaction volume. All reactions were done in triplicate. For quantitation of the miR-21, the 15 μl PCR included 1 μl of the RT product of miR-21, 1X SYBR-Green I Mastermix (Toyobo Co., Ltd.), 0.5 μM specific forward primer of miR-21 and 0.5 μM reverse primer. For the endogenous control, GAPDH, 1 μl of cDNAs synthesized by using oligo(dT) were used as template. The GAPDH primers were: forward 5'-CAGG GCTGCTTTTAACTCTGGTAA-3' and reverse 5'-GGGTGG AATCATATTGGAACATGT-3'. The reaction parameters were incubation at 95˚C for 10 min, then 40 cycles of 95˚C for 15 sec, 60˚C for 1 min. The threshold cycle (Ct) is defined as the cycle number at which the fluorescence passed a pre-determined threshold. For expression analysis, the experiment was designed to use the matched nontumor tissue as the control, so the relative quantification of miR-21 in tumor tissue was calculated using the equation: amount of target = 2 -ΔΔCt (17), ΔΔCt=(Ct miR-21 -Ct GAPDH ) tumor -(Ct miR-21 -Ct GAPDH ) matched non-tumor . For the matched non-tumor tissue control sample, ΔΔCt is zero and 2 -ΔΔCt is 1. Melting curves were generated and 8% PAGE electrophoresis was performed for each real-time PCR to verify the amplification of only the desired product.
Immunohistochemistry. We examined the expression of PTEN in invasive ductal carcinoma of the breast by immunohistochemical staining of the 40 tumor samples and 10 random matched non-tumor samples. Sections (4 μm) were cut from formalin-fixed, paraffin-embedded tissues that were mounted on poly(L-lysine)-coated slides. After deparaffinization in xylene and hydration in graded ethanol solutions, the sections were treated with 10 mM citrate buffer (pH 6.0) in a pressure-cooker for 4 min at 120˚C. For quenching of the endogenous peroxidase, sections were treated with 3% hydrogen peroxide in methanol for 15 min. After washing with phosphate-buffered saline (PBS), the sections were incubated with primary PTEN mouse monoclonal antibody (28H6, Novocastra Laboratories Ltd.) at 1:100 dilution in a moist chamber overnight at 4˚C. After washing with PBS, the sections were incubated with Polymer Helper and polyperoxidase anti-mouse/rabbit IgG (Polymer Detection System, PV-9000, GBI) according to the manufacturer's protocol. Color was developed with 3,3'-diaminobenzidine tetrahydrochloride (DAB). As a negative control, primary antibody was replaced by PBS. Finally, the slides were lightly counterstained with hematoxylin. The slides were examined with a standard light microscope independently by two pathologists who had no knowledge of any patient's clinicopathological data. Brown staining on the nucleus was considered as positive immunoreactivity (Fig. 1) , and was evaluated as percentage staining over the whole preparation. Expression of PTEN was graded as follows: -, <10% of cells stained; +, 10-50% of cells stained; + +, >50% of cells stained. Reduced expression of PTEN was defined as either + or -, and high expression was defined as ++. 
Statistical analysis.
As the data for miR-21 relative expression levels did not fit a Gaussian distribution, the miR-21 levels were characterized by their median and ranges from the 25th to the 75th percentile, rather than their mean and coefficient of variation. The expression of miR-21 was calculated for different groups using non-parametric tests: the Wilcoxon test for comparing 2 paired groups (tumor and paired nontumor), the Mann-Whitney U test for 2 independent groups, and the Kruskall-Wallis test for 3 independent groups. The criterion for statistical significance was set at P<0.05, and all calculations were done with SPSS 13.0 software.
Results

Expression of miR-21 in tumor tissue and matched nontumor tissue detected by SYBR-Green I-based stem-loop realtime RT-PCR.
The melting-curves of miR-21 and GAPDH were sharply defined curves with a narrow peak, indicating that pure, homogeneous PCR products were produced ( Fig.  2A) . A single band of miR-21 or GAPDH at the appropriate position (67 bp for miR-21 and 101 bp for GAPDH) on the electrophoresis gel indicated that the PCR product was what we desired (Fig. 2C) . The combination of melting curves and gel electrophoresis confirmed the PCR specificity. As shown in the representative amplification curves (Fig. 2B) , the Ct value of miR-21 in tumor tissue was lower than that of miR-21 in non-tumor tissue, which means that the expression level of miR-21 in tumor samples was higher than that in the controls. The median of relative expression of miR-21(2 -ΔΔCt ) was 5.770 (25th-75th percentile, 3.605-7.255) in tumor samples, with that in non-tumor control samples set at 1.000 (Fig. 3) . The difference of expression of miR-21 between the tumor and the control samples was statistically significant (P=0.000, Wilcoxon test).
Association between the expression of miR-21, clinicopathologic features, and expression of PTEN.
The up-regulated expression of miR-21 was associated with advanced clinical TNM stage (P=0.021, Kruskall-Wallis test, Fig. 4A ), lymph node positivity (P=0.01, Mann-Whitney U test, Fig. 4B ) and a high proliferation index (Ki-67>10%) (P=0.03, MannWhitney U test, Fig. 4C ). Furthermore, expression of miR-21 was significantly higher in tumors with reduced expression of PTEN (P=0.013, Mann-Whitney U test, Fig. 4D ). While no significant association was found between expression of miR-21 and menstrual status (P=0.258, Mann-Whitney U test), size of primary tumor (P=0.575, Mann-Whitney U test), ER status (P=0.762, Mann-Whitney U test), PR status (P=0.556, Mann-Whitney U test) and Her-2 status (P=0.556, Mann-Whitney U test). Data are given in Table I as medians of the relative expression values, with ranges defined as 25th to 75th percentiles, and P-values.
Discussion
As described above, miR-21 seems to play an important oncogenic role in malignant tumors. As to breast cancer, several studies have proved miR-21 was up-regulated in breast cancer both in vivo and in vitro by different kinds of method including Northern blotting (18) , microarray (18, 19) , beadbased flow cytometric miRNA expression profiling method (20) , in situ hybridization (ISH) (21), bioluminescencebased hybridization assay (22) and real-time RT-PCR (12). A few of these studies correlated the miR-21 expression with the clinicopathologic features. However, only Iorio et al (18) reported that overexpression of miR-21 which was detected by microarray was correlated with higher tumor stage. Among these methods, real-time RT-PCR is the most sensitive, specific and accurate. So, in order to affirm whether miR-21 expression was correlated with clinicopathologic features, in this study, we developed a novel stem-loop real-time RT-PCR methods to detect miR-21 expression, which used costeffective SYBR-Green I instead of commonly used high price TaqMan probe (16, 23, 24) for fluorescence assays in real-time PCR. The amplification, melting curves and electrophoresis gel, as shown in Fig. 2 , indicate the method is specific and sensitive enough for detection of miR-21. Furthermore, to reduce error caused by gene expression difference between different individuals, we used matched non-tumor tissue as control and used 2 -ΔΔCt to represent the level of miR-21 expression in tumor relative to matched non-tumor. As expected, our result confirmed that miR-21 expression was upregulated in breast cancer compared with the matched nontumor tissue, and that up-regulated expression of miR-21 was not only correlated with higher tumor stage as Iorio et al (18) have reported, but also associated with lymph node positivity, and higher proliferation index (Ki67>10%) which are well-known poor prognostic factors for breast cancer (25) (26) (27) (28) miR-21 may be more aggressive, thus, miR-21 has an important role in progression, invasion and dissemination of human breast cancer in vivo.
Like most other malignant tumors, development, progression, invasion and metastasis of breast cancer are caused by multiple genetic alterations, which mechanism was not elucidated completely until now. The discovery of miRNAs provides new insights. It was predicted that one miRNA could be able to down-regulate multiple target genes simultaneously, so miRNAs may be able to act as efficient regulators of tumor-related genes in tumors. Changes in the expression of miRNAs have been observed in breast cancer (3, 18) , and whether these changes are the cause of tumorigenesis is being studied. Identification of the target genes of these altered miRNAs is critical to understanding their mechanism in tumor pathogenesis. At least 3 genes have been identified as targets of miR-21 (5, (29) (30) (31) . PTEN is among them, and that its expression can be repressed by miR-21 was affirmed in HCC cell lines (5) . However, the relationship between miR-21 and PTEN in breast cancer is not known. There is evidence that reduced expression of PTEN is associated with tumor progression and poor outcome in breast cancer (11, 32, 33) , but the mechanism of PTEN down-regulation in breast cancer is not clear. Some studies found that the incidence of loss of heterozygosity (LOH) in PTEN was approximately 40% in breast cancer (34, 35) , but a further study showed that this level of LOH is not sufficient to reduce the expression of PTEN (32) . The mutation of PTEN in breast cancer is at a low frequency, only about 5% (36) . However, in breast cancer the reduced expression of PTEN ranged from 33 to 48% in various immunohistochemical studies (10, 32, 37) . In accordance with these reports, our study showed a reduced PTEN expression of 45% (18/40) . Thus, it can be that other mechanisms, such as post-transcriptional down-regulation could be involved in PTEN inactivation in breast cancer. Our study showed that miR-21 expression was significantly different between reduced PTEN expressing and high PTEN expressing subgroups. Combined with the evidence obtained with the HCC cell line, our study implied that it is very possible that PTEN is also the target of miR-21 in breast cancer; therefore, the reduced PTEN expression may be caused, at least partly, by miR-21, which may be involved in tumorigenesis of breast cancer at least partly through the PTEN pathway.
Until very recently, besides PTEN, there were 2 other tumor suppressor genes known to be targets of miR-21; they are Tropomyosin 1 (TPM 1), with miR-21 in breast cancer cells (31) , and programmed cell death 4 (PDCD 4), which was shown to be associated with miR-21 in colorectal cancer cells and in breast cancer cells (29, 30) . Although these genes were not studied in-depth in breast cancer, there was preliminary evidence to suggest that they act as suppressor genes in breast cancer and other tumors (38) (39) (40) (41) (42) . The current results together with previously reported evidence suggest that miR-21 may enhance malignant phenotype of breast cancer by repressing expression of multiple tumor suppressor genes simultaneously, and there may be more target genes which still have not been found. Theoretically, repressing the expression of miR-21 may result in the restoration of expression of large numbers of tumor suppressor genes, so miR-21 provides an attractive molecular target for decreasing invasiveness and the metastatic properties of breast cancer. Whether miR-21 could function as a prognostic factor or a molecular target in the treatment of human breast cancer awaits clarification from the follow-up of these patients and further research.
